Background-Abdominal aortic aneurysm is an asymptomatic condition with a high mortality rate related to rupture. 
A n abdominal aortic aneurysm (AAA) is a potentially fatal condition, with the risk of rupture increasing with increasing diameter of the AAA. Ruptured AAA is the cause of 1% to 2% of all deaths in the Western world. 1, 2 The incidence of AAA may have increased during the past 2 decades. 3 This can be explained in part by longer life expectancy in the general population and by the fact that some AAAs have been diagnosed and treated owing to the introduction of screening programs and improved diagnostic tools. 4 -6 
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Approximately 50% of those with a ruptured AAA die before they reach the hospital. The operative (30 days) mortality rate in acute surgery for ruptured AAA is 30% to 70%. The overall mortality rate if the AAA ruptures is therefore as high as 65% to 85%. In contrast, operative mortality in elective surgery of AAAs is reported to be 2% to 6%. 1, 4, [7] [8] [9] [10] Hence, it is important to establish risk factors for AAA to identify patients at risk and candidates for screening for AAAs.
Several studies have found a strong coexistence of atherosclerosis and AAA, 6, 11, 12 but there are also indications of an underlying disturbed connective tissue metabolism. 13 , 14 The classic risk factors for atherosclerosis, such as tobacco smoking, male sex, age, hypertension, and hyperlipidemia, have all been found to also be risk factors for AAA, although the evidence for the role of lipids and hypertension is still controversial. 6, 15, 16 Recently, Wong et al 17 reported an increased risk for AAA with increasing alcohol consumption.
In a previous study, Singh and coworkers 6 reported the prevalence of and risk factors for AAA on the basis of a cross-sectional population survey conducted in 1994/1995 in Tromsø, Norway. Here, we present results from follow-up of the same population. A total of 119 new cases of AAA were identified in 2001 in subjects who did not have an AAA in 1994. Several recently published studies have investigated the incidence of AAAs in different populations. 18 -20 The present study aims to increase our knowledge concerning predictors for an incident AAA.
Methods
The Tromsø Study started in 1974 as a population-based, prospective study of inhabitants in the municipality of Tromsø, Norway. The purpose of the study is to investigate the determinants of chronic diseases, mainly cardiovascular diseases. The study design includes repeated population surveys to which total birth cohorts and random samples are invited.
In the Tromsø IV study (1994/1995), a total of 6892 men and women were examined by ultrasound to measure aortic diameter and to assess the prevalence of AAA. In the baseline survey in 1994/ 1995, the abdominal aorta was not visualized sufficiently to make exact diameter measurement in 2% of the subjects. 6 Of the 6892 subjects who were included in the survey in 1994, 5993 (87%) were still alive and living in Tromsø in 2001. In the Tromsø V study, conducted in 2001, 5087 (85%) of these subjects attended the part of the study that included ultrasound examination of the abdominal aorta. The ultrasound examination was conducted in 4699 subjects. A total of 63 subjects did not give complete informed consent. In the remaining 4636 men and women, the examination did not give sufficient data to conclude whether an AAA (as defined below) was present or not in 127 individuals (3% of the subjects). Because we were investigating predictors for incident AAA, we excluded from the follow-up the 151 subjects with an AAA and the 11 subjects with unknown AAA status at baseline (1994/1995). We also excluded 2 subjects who according to the examination in 1994/1995 previously had been subject to surgery to insert a graft in the abdominal aorta. Thus, 4345 subjects (2035 men and 2310 women) 25 to 82 years of age in 1994 were included in the present study of incident cases of AAA.
The survey included questionnaires regarding inter alia smoking habits, physical activity in leisure, and use of antihypertensive medication. Information about present use of statins was based on interviews. We defined persons as physically inactive if they reported that they were never so active during their leisure time that they were sweating or out of breath and if they reported that they had been only lightly active (not sweating or out of breath) for fewer than 3 hours per week during the past year.
Smoking was categorized into 7 groups: Never-smokers, exsmokers (stopped smoking Ն20 years ago, stopped smoking 10 to 19 years ago, and stopped smoking Ͻ10 years ago), and current smokers (Ͻ10 cigarettes/d, 10 to 19 cigarettes/d, and Ն20 cigarettes/ d). Furthermore, smoking duration was categorized into 4 groups (never-smokers and 0 to 19, 20 to 29, and Ն30 years of smoking).
Height and weight were measured in light clothing without shoes. Body mass index was calculated as the weight in kilograms divided by the square of height in meters (kg/m 2 ). The waist-to-hip ratio was calculated as the waist circumference divided by the maximal hip circumference.
Blood pressure was recorded before blood sampling in a separate, quiet room with only a nurse present. An automatic device (Dinamap Vital Signs Monitor 1846; Criticon, Inc, Tampa, Fla) was used. After the participant had been seated for 2 minutes, 3 recordings were made at 2-minute intervals. The mean of the 2 last values of blood pressure was used in the analyses. Hypertension was defined as systolic blood pressure Ͼ160 mm Hg, diastolic blood pressure Ͼ95 mm Hg, or ever use of antihypertensive medication.
A venipuncture was performed with the subject seated. A brief venous stasis applied to the upper arm was released before blood sampling. Serum total cholesterol and triglycerides were analyzed by enzymatic colorimetric methods with commercial kits (CHOD-PAP for cholesterol and GPO-PAP for triglycerides; Boehringer-Mannheim, Mannheim, Germany). Serum high-density lipoprotein (HDL) cholesterol was measured after precipitation of lower density lipoprotein with manganese chloride. PT-Fibrinogen reagent (Instrumentation Laboratory, Milan, Italy) was used to measure plasma fibrinogen. Serum creatinine was measured by the HiCo creatinine Jaffé method with a kinetic colorimetric assay on automated clinical chemistry analyzers (Boehringer-Mannheim). Glycohemoglobin (HbA 1c ) was measured from the hemolysate by a latex-enhanced turbidimetric immunoassay (Unimate 5 HBA1C; Roche Diagnostics Corp, Indianapolis, Ind). The analyses were done at the Department of Clinical Chemistry, University Hospital of North Norway. Glomerular filtration rate was estimated with the abbreviated (4-variable) Modification of Diet in Renal Disease equation. 21 
Ultrasonography of the Abdominal Aorta
The ultrasound examination in 1994/1995 and 2001 was performed with an Acuson, 128 XP B-mode Doppler (Acuson Corp, Mountain View, Calif) with a 3.5-MHz sector probe. The examination was performed by radiologists, radiographs, nurses, and an assistant nurse in conjunction with the daily work at the vascular laboratory. One of the radiologists was responsible for the training, supervision, and surveillance of the technicians. In both 1994/1995 and 2001, 6 different examiners performed the ultrasound examinations. Three of them took part in both surveys. The examination was scheduled to last Ϸ20 minutes.
Ultrasonographic measurements of the abdominal aorta were performed as described previously. 6 Briefly, the subjects were examined in the supine position and/or in the left decubitus position when necessary. No instructions on food or fluid intake were given before the examination. The abdominal aorta was first visualized in the longitudinal plane and was examined from the diaphragm to the bifurcation and accordingly in the axial plane with scans perpendicular to the longitudinal plane. Aortic diameters were measured at the level of the renal arteries and 1 cm distal to this level. In addition, the maximal infrarenal aortic diameter was measured.
The external aortic diameter was measured with electronic calipers in both the anterior-posterior and transverse planes. All measurements were made online, on images frozen in systole.
The interobserver and intraobserver variability of the ultrasound examination performed in 1994/1995 have been reported previously. 22 The difference between 2 measurements (both interobserver and intraobserver agreement) of the maximal aortic diameter were Յ4 mm in 95% of the pairs. In the 2001 survey, the corresponding interobserver and intraobserver agreements were 87% and 96%, respectively.
An AAA was considered present if 1 or more of the following criteria were met: (1) The aortic diameter at the level of the renal arteries was Ն35 mm in either the anterior-posterior or the transverse plane; (2) the infrarenal aortic diameter in either plane was Ն5 mm larger than the diameter at the level of renal arteries; or (3) a localized dilatation of the aorta was present on ultrasound. If an AAA was suspected to be present, the patients were referred to the Department of Cardiovascular Surgery for follow-up.
We identified 119 incident cases of AAA. In many studies, an AAA is considered present if the maximal infrarenal aortic diameter is Ն30 mm. 23, 24 When we applied this definition of an AAA, 140 subjects had developed an AAA. The concordance between the classification of an AAA according to the 2 definitions of an AAA was good, however, because the kappa () 25 was 0.67.
Statistical Analysis
The age-adjusted associations between a number of possible predictors of AAA and the risk of an incident AAA were analyzed in men and women separately with logistic regression analysis. Furthermore, the age-and sex-adjusted relationships were assessed with men and women merged into 1 group. Age by December, 31, 1994, was included in the analysis as age at the baseline ultrasound examination. The considered risk factors were age, sex, height, body mass index (kg/m 2 ), waist-to-hip ratio, smoking, alcohol consumption, prevalent diabetes mellitus, diastolic and systolic blood pressure, hypertension, inactive in leisure time, light and hard physical activity in leisure time, use of statins, serum total cholesterol, HDL cholesterol, triglycerides, creatinine, estimated glomerular filtration rate, glycohemoglobin (HbA 1c ), blood platelet count, hemoglobin, white blood cell count, and fibrinogen.
Variables found to be associated with AAA incidence with PՅ0.10 in 1 or both sexes or in the age-and sex-adjusted analyses were included in a logistic regression model, and the model was further simplified by the inclusion of only variables with PՅ0.10 in the multivariate analysis in the final model of variables associated with an incident AAA in this prospective study. In separate analyses, relationships between smoking and the risk of a new AAA were examined in more detail in a logistic regression model.
Ninety-five percent CIs were calculated. Two-sided probability values were used throughout, and PϽ0.05 was considered to indicate statistical significance. All statistical analyses were performed with SPSS software.
The authors had full access to and take full responsibility for the integrity of the data. All authors have read and agree to the manuscript as written. The Regional Committee for Research Ethics approved the study.
Results
The study population consisted of 4345 subjects (2035 men and 2310 women) who were 25 to 82 years old in 1994. Mean age at the start of follow-up was 60.1 years in women and 58.7 years in men. Table 1 gives selected characteristics in the study population. There were 119 incident cases of AAA in this prospective study, which is equivalent to 2.7% over 7 years, or a mean annual incidence of 0.4%.
Both sex and age were significantly (PϽ0.001) associated with the risk of AAA. In addition, a number of the considered possible risk factors for AAA, all measured at baseline in 1994/1995, were associated (PՅ0.10) with the risk of a new AAA in sex-specific analyses adjusted for age or in analysis adjusted for sex and age. Hypertension, systolic blood pressure, use of statins, smoking, serum total cholesterol, triglycerides, glucose, body mass index, waist-to-hip-ratio, plasma fibrinogen, hemoglobin, and white blood cell count were positively associated with the risk of an AAA, whereas high HDL cholesterol and hard physical activity in leisure, as well as alcohol use, reduced the risk of developing an AAA.
These variables were included in multiple logistic regression analyses. Because of the high correlation between hypertension and systolic blood pressure, only hypertension was included in the model. Sex, age, hypertension, use of statins, smoking, serum total cholesterol, and HDL cholesterol remained significantly associated with the risk of an incident AAA ( Table 2) . Because of missing values for some variables, a total of 4262 subjects, including 118 men and women with an AAA, were included in these multivariate analyses.
The risk of incident AAA increased significantly with age (PϽ0.001) in both men and women. Subjects who were Ն75 years old had nearly 8 times the risk of AAA of subjects 65 to 69 years of age. Men had a 2.7-times increased risk for an AAA compared with women (PϽ0.001).
High serum total cholesterol and low HDL cholesterol were significantly (PՅ0.004) associated with the risk of for self-reported cardiovascular disease or diabetes (ORϭ3.13, 95% CI 1.17 to 8.38). Application of a less strict definition of hypertension, ie, systolic blood pressure Ͼ140 mm Hg, diastolic blood pressure Ͼ90 mm Hg, or ever use of antihypertensive medication, did not indicate a significant association with the incidence of AAA, however.
One of the major findings was that smoking is a very strong risk factor for AAA. When those who reported to have never been a daily smoker were compared with subjects who currently were smoking 20 cigarettes or more, the latter group had a Ͼ13 times increased risk of an incident AAA during follow-up.
Analyses stratified by sex indicated that the relationships displayed in Table 2 were found for both men and women, except for hypertension, which was a risk factor in women only. A formal test for interaction confirmed this (Pϭ0.03). Table 3 shows the results for smoking habits in particular. Both long duration of smoking and high current cigarette consumption were strongly associated with AAA risk. To separate the effect of smoking duration from the effect of high cigarette consumption, we excluded the never-smokers in a separate analysis. Duration of smoking and current smoking habits were adjusted for one other, in addition to age and sex. Both long smoking duration and high current cigarette consumption were independently associated (PϽ0.001) with the risk of AAA.
Discussion
The results of the present study indicate that male sex, increasing age, low HDL cholesterol, and smoking are strongly associated with an incident AAA. However, hypertension, high levels of serum total cholesterol, and use of statins are also associated with increased risk of developing an AAA.
The mean annual incidence of AAA in the study population was Ϸ0.4%. A similar incidence was found in England, 2 in the Veteran Affairs Cooperative Study in the United States, 5 and in the Chichester study. 20 A lower incidence of AAA was found in an Asian population. 26 The present findings with regard to male sex and advancing age as risk factors are in accordance with previous findings. 15, [27] [28] [29] [30] Blood lipid levels have also been found to be related to AAA incidence or prevalence in previous studies. 6, 11, 28, 31 In the present prospective study, we found that both elevated serum total cholesterol and low HDL cholesterol were significant risk factors (Pϭ0.004 and PϽ0.001, respectively). There were indications, however, that with respect to serum total cholesterol, the major increase in risk was associated with rather high readings (in the highest quartile). The relationship with HDL cholesterol in particular was strong, because subjects with HDL cholesterol Ն1.83 mmol/L had 70% lower incidence than subjects with HDL cholesterol Ͻ1.25 mmol/L. In this respect, we confirm the findings from the cross-sectional study 6 that formed the basis for the present prospective study.
In the cross-sectional analyses (the Tromsø IV study), Singh and coworkers 6 found a positive association between fibrinogen and AAA prevalence. No association was found between risk of an AAA and fibrinogen in the multivariate model in the present follow-up. The cross-sectional analysis also found that a low blood platelet count increased the prevalence of AAA. We could not confirm this in the present study. Thus, it is likely that a high level of fibrinogen and low blood platelet count in AAA cases were consequences rather than causes of AAA.
Some 6, 16, [31] [32] [33] but not all 12, 15, 34 studies have indicated that increasing blood pressure and diagnosed hypertension are both significant risk factors for AAA. In the sex-specific and age-and sex-adjusted analyses, we found indications that increasing systolic blood pressure and hypertension were risk factors for the development of an AAA. In the multivariate analyses, however, only hypertension (defined as a systolic 
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blood pressure Ͼ160 mm Hg, a diastolic blood pressure Ͼ95 mm Hg, or ever use of antihypertensive medication) was significantly associated with AAA risk, and only in women. Some studies have indicated that use of statins may reduce the risk and growth of AAA. [35] [36] [37] Surprisingly, the present study indicates that use of statins increases the risk of AAA. The prevalence of use of statins in the baseline population screened in 1994 was low (1.5%), and in 1994, statins were probably only used by patients with a high risk of cardiovascular disease. This was reflected in the much higher prevalence of statin use in subjects with self-reported cardiovascular disease or diabetes (7.5%) than in other subjects (0.7%). Adjustment for self-reported cardiovascular disease or diabetes did not explain the association between use of statins and AAA incidence; however, residual confounding is likely, and we cannot conclude from the present study whether statin use influences the incidence of AAA.
We confirm that smoking is a very strong risk factor for AAA. 6,12,23,28,33,38 -40 The results suggest that both duration of smoking and the number of cigarettes smoked per day in ever-smokers are important for AAA risk; however, the cross-sectional study 6 that forms the basis for the present prospective study suggested that smoking duration was more important.
In contrast to Wong et al, 17 we did not find any significant positive association between alcohol consumption and AAA risk. Thus, the present results are in accordance with those of Törnwall et al. 31 However, mean alcohol consumption in the present study population was low (the mean frequency of alcohol consumption was 2.3 times per month), much lower than in the cohort studies by Wong et al. 17 This may have hampered our investigation of the relationship between alcohol consumption and the risk of AAA in the present study population.
We found no association between estimated glomerular filtration rate and the risk of AAA. This is in variance with the findings of Iribarren et al. 33 One reason for this may be that we included incident cases of AAA in our analyses, whereas Iribarren et al 33 analyzed the risk of clinically diagnosed AAA. Thus, a substantial number of the cases included in their analysis may have had a small AAA at baseline when the glomerular filtration rate was measured, and the reduced glomerular filtration rate may be the result rather than the cause of the AAA.
One weakness of the present study is that we were not able to estimate the incidence of AAAs exactly (eg, as 4 cases per 1000 person-years) because we did not know when during follow-up the subjects developed the AAA, only that they had an AAA in 2001 and had not registered with one in 1994. In addition, the diagnosis of small AAAs may not be easy to make, and it is possible that a few AAAs were overlooked in 1994, thus not being truly incident in the present study population. We may also have missed a few small AAAs in 2001. The latter is the most important for our analyses, because it would reduce the statistical power. From an analytical point of view, it would have been an advantage if there had been more incident cases of AAA in the population. In particular, there were few cases in women, and it was not feasible to perform sex-specific analysis.
The strength of the study is that it is a population-based prospective study over a time period of 7 years. Effects of an AAA on risk factor level (eg, on blood platelet count) may therefore be excluded to a large extent. The attendance rate at the baseline study was high (79% of the eligible population). Furthermore, 78% of the individuals who had their aortas examined in 1994 and were alive and living in Tromsø in 2001 had a follow-up ultrasound examination the same year. To influence our findings, the association between the different risk factors considered and the incidence of AAAs must differ considerably in the included men and women and in individuals who died, moved out of Tromsø, or did not want to take part in the follow-up study in 2001. We do not consider this to be likely.
In summary, we found that both smoking and low HDL cholesterol significantly increased the risk of a new AAA during a 7-year follow-up of 4345 Norwegian men and women. Our results underscore the importance of cardiovascular risk factors and smoking in the origin of AAA.
